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Abstract 
Presently, around 13% of the world’s electricity is generated by nuclear. Pro-nuclear opinion is that nuclear power is 
safe, clean, cost-effective, and should be expanded fast, world-wide, to combat the rise in carbon emissions. The 
contra opinion is that nuclear power is flawed - primarily because it is seen as not safe enough, especially after the 
Fukushima nuclear disaster. Other objections come from concerns about security, large capital investments, and 
negative public perceptions. The opinions towards nuclear are thus sharply polarized. Several countries have already 
begun phasing out nuclear power after being committed to it for many years. However, it is arguably unsustainable to 
completely rule out nuclear from the energy mix, especially in the case of fast developing economies in the 
Association of the Southeast Asian Nations (ASEAN). Presently, there is renewed interest in the use of small and 
medium sized reactors (SMRs) of sizes 25 - 150MW. Their small size and modularity in design raises the expectation 
of SMRs being a “game changer” for the nuclear industry in the coming decades. This paper provides a rationale on 
the use of SMRs and their relevance to ASEAN. We will consider what is meant by “safe design”, why SMRs have a 
better possibility than the traditional large plant of achieving it, and what the suggested “critical success factors” are. 
© 2014 The Authors. Published by Elsevier Ltd.  
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1. Introduction and Literature 
Since its inception in the late 1950s, electricity generation by nuclear power first got underway 
significantly in around 1960, with roughly 5 GWe generated world-wide. This rose steadily to around 210 
GWe by 1990, which was around 10.5% of the world share of electricity generation. Nuclear power had 
an important role in the “BLUE Map Scenario” developed by the International Energy Agency [1] given 
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its relatively small lifetime carbon emissions [2]. With the growing concerns over global warming as seen 
in [3] and [4], decarbonizing electricity generation (accountable for about 40% of carbon emissions 
globally [5]) is crucial. Among the alternatives, the running cost of large sized nuclear power, when 
measured in the levelized cost of electricity approach [6], tends to be lower even though the capital costs 
are relatively high. As of 2012, nuclear generated about 14% of the world’s electricity [7], which is seen 
by most nuclear power enthusiasts as disappointing. Clearly, the accidents of Three Mile Island, 
Chernobyl, and Fukushima largely inhibited growth. The other factors are the uncertainties and therefore 
risks of very large cost and completion times overruns.  
The Fukushima incident has raised the question of a “governance gap” for nuclear. Arguably, had the 
information of the massive Indonesian tsunami of 2004 been acted upon by the Fukushima authorities 
upgrading their tsunami defences, the Fukushima incident would have been avoided. The incident, as well 
as those for Chernobyl and Three Mile Island also raised the question of plant “size”. The larger the plant 
the more difficult it will be to control under fault or accident conditions, and the larger and more 
widespread will be the damage to the immediate and distant environment. 
We note that the nuclear power industry is rightly working hard to make severe accident impacts "very 
unlikely". But there seems to be insufficient emphasis on determining the levels of plausible worst-case 
accident impacts, and how they will depend on the location, type and size of plant. Countries purchasing 
nuclear plant will be assessing the chances of the “unlikely serious events” happening, but they also need 
to be diligent in defining what level of accident impact they, and their neighbours, can accept. This 
essential “top down” definition can then be used to derive the most appropriate “safe design type”. 
Besides these technical issues, urgent attention is also needed to address the “governance gap”, which 
together with these omissions will continue to be of grave concerns undermining the growth of nuclear 
power. However, the Small and Medium Reactor (SMR) plant [8] might seem favourable. 
Even with the set-back of Fukushima, and the above noted gaps and omissions, the majority of the 
countries relying heavily on nuclear power raised its share in their national energy mix in 2011 as 
compared with 2010 [9-11]. In ASEAN, Vietnam has started constructing 2 reactors.Therefore, the above 
comments are particularly relevant - not least because ASEAN, being at an early stage in nuclear power, 
has a chance of “doing things better” than other countries, provided that arrangements for effective 
governance are achieved soonest, and some reconsiderations made regarding safety and accident impacts. 
2. The Relevance of Nuclear to the ASEAN Region 
According to [6], the rising energy demand driven by the fast economic development is threatening the 
energy balance of the ASEAN economies. Besides the self-interest in its own climate change 
vulnerabilities, ASEAN will anyway not want to unduly contribute to the world’s atmospheric carbon 
content. According to business-as-usual (BAU) projections in [12], world carbon emissions in 2040 will 
be around  42% higher than in 2013. From [13], these carbon emissions will likely result in the 
atmospheric CO2 levels reaching the alarming levels by 2040. A major way to combat these BAU dire 
predictions is by substantially increasing the deployment of nuclear power, which now requires careful 
considerations on the various factors in choosing a plant type. 
3. The Choice of Nuclear Plant Type 
In general, the choices between the various types of large and SMR plant will much depend on safety, 
economic and environmental factors, as follows: 
3.1. Safety factors 
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Safety means that in the event of mechanical or human failures, caused by expected or unexpected 
conditions, such failures do not result in undue human danger or expensive impacts. This requires that 
remedial action will be applied to the plant either manually or automatically as part of its control systems. 
If the availability of such control is not guaranteed, the plant might run out of control under fault or 
damage conditions. Such run-outs have to be self-limiting, resulting in the run-down and then shut-down 
of the plant. However, some types of designs have “self-escalating” (unstable) features. These designs are 
only kept stable by their control systems. In the event of failure of control systems, the plant may become 
unstable so that temperatures, pressures, and heat generation all catastrophically escalate.  
The worst-case accident impacts will depend substantially on “size” - all other factors being equal. 
From the experience of the major accidents, explosions and “meltdowns” are to be avoided. Explosions 
arise from pressurized reactor cores, so cores operating at low/atmospheric pressure might be preferred, 
such as an SMR design using liquid metals or molten salts at atmospheric. In the event of containment 
failure, radioactive materials (in heavy liquid form) would be deposited only locally rather than being 
carried far and wide by wind across countries and continents. With the possibility of a “portable” design, 
SMRs can add safety and non-proliferation assurance with autonomous operation without on-site 
refueling. An analysis of how the impact severities of worst-case accidents depend on the SMR designs 
might show clear “winners” - leading to “preferred”, “dominant” designs among those found in [8, 14]. 
3.2. Economic factors 
The economics of power generation depends largely on the capital and running costs. Many 
comparative cost studies between nuclear and fossil depend on the opportunity costs interest rates for the 
capital funding. On top of the “commercial costs”, providing additional means for reducing or eliminating 
risks will add costs. Investors and policymakers tend to seek a balance among the affordability of the 
worst-case impacts, payments to the damages, insurability, and the overall viability of the power plant 
financials. Size is another economic factor: “large” can give economy of size, but “small” can give 
economies of factory production, and learning via repeat production. Advantages of the SMRs would be 
more certain capital cost and construction lead times, and the possibility of building up plant capacity by 
adding modules progressively over a few years so as to ease funding difficulties. For conventional nuclear 
power plant design, long design lifetime extended by inexpensive maintenance or upgrades tends to be 
preferred. But it needs to be re-evaluated for autonomous SMR operations with possibly shorter lifetime. 
3.3. Environmental factors 
Besides the obvious environmental factors relating to construction, accidents, waste handling, and 
eventual decommissioning, there are other factors which particularly affect the acceptability of nuclear by 
the public. One such important factor is the visual presentation of a nuclear power plant. Large plant, 
particularly with cooling towers, will always seem intimidating, and the benign steam coming out of the 
cooling towers is often seen as “harmful radiations”. The plant should provide an avenue for 
communicating the right information to the general public, which means good architectural appearance, 
excellent landscaping, and a visitors’ centre for the public to be informed and entertained through 
interactive mediums.  These environmental factors tend to favour the smaller plant. 
4. Concluding Remarks 
Given the developments post-Fukushima, the nuclear industry might emerge stronger as a new wave of 
breakthrough innovations emerges, such as the SMR designs. It is not sustainable to completely rule out 
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nuclear in the ASEAN region. For countries heavily depending on energy imports, nuclear power is of 
strategic importance, particularly when other Asian countries, such as China, are already actively 
expanding nuclear power. With tightened safety requirements and the lessons learnt from Fukushima, 
addressing the critical success factors ought to bring nuclear power development back to its pre-
Fukushima trajectory towards the so-called “nuclear renaissance”. We recommend the following “critical 
success factors”: (1) plug the “governance gap” at mutually supportive regional groupings level like the 
European Union; if not, individual countries to look for other effective arrangements involving pro-active 
peer reviews; (2) countries to define the maximum acceptable impacts from the “very unlikely” worst-
case accidents and possible harm to their neighbors; (3) vendors to prepare reports on their assessments of 
the impacts from worst-case accidents for their designs; (4) make studies on how the various design 
parameters, such as plant size, cooling fluids and cycles, and fuel types affect the severity of worst-case 
accident impacts, and also the effect on plant costs in collaboration with technical institutes and/or 
agencies like the IAEA; and (5) consider switching from the larger plants to the SMRs for added safety, 
non-proliferation assurance, and flexibility in generating capacity planning. 
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